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Abstract 

A brief survey is given of recent results on the resummation of leading small- a; 
terms for unpolarized and polarized non-singlet and singlet structure function 
evolution. 
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1 Introduction 

The evolution kernels of both non-singlet and singlet parton densities contain 
large logarithmic contributions for small fractional momenta x. In all-order 
resummations of these terms in the limit x — ► 0, one naturally faces the prob- 
lem of factorization and renormalization scheme dependence. Therefore these 
resummations have to be performed in the frame of the corresponding renor- 
malization group equations. In the following we will discuss the resulting 
small- a; resummations for the anomalous dimensions relevant to the different 
DIS processes and their quantitative consequences. 

For unpolarized deep-inelastic processes the leading small- a; contributions 
to the gluonic anomalous dimensions behave like a (N is the Mellin moment) 

The corresponding quark-anomalous dimensions, being one power down in In a;, 
have been derived in ref . □. The leading, terms of all anomalous dimensions for 
the non-singlet 13 and polarized singlet □ evolutions are given by 

N(^) k ~ a* In 2 - 2 ,. (2) 

The resummation of these terms can be completely derived by means of pertur- 
bative QCD. Its effect on the behaviour of the various DIS structure functions, 
however, is necessarily determined as well by the behaviour of the input parton 
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densities at an initial scale Qq, and is therefore not predictable within pertur- 
bativc QCD but has to be determined by experiment. Thus the resummation 
effect can only be studied via the evolution of structure functions over some 
range in Q 2 , which moreover probes the anomalous dimensions at all z > x 
via the Mellin convolution with the parton densities. 

In leading (LO) and next-tctleading order (NLO) QCD the complete 
anomalous dimensions are known Hence the effect of the all-order resum- 
mation of the most singular parts of the splitting functions as x — > concerns 
only orders higher than a 2 . Due to the Mellin convolution also terms less sin- 
gular as x — ► may contribute substantially at these higher orders as well. In 
some cases the existence of such terms is enforced by conservation laws. For 
the non-singlet '-'-evolution fermion-number conservation implies 

[ 1 dzjra k s P-(z) = . (3) 
Jo fe=i 

Correspondingly, energy-momentum conservation holds for the unpolarized 
singlet evolution. Even in the polarized singlet case, where no conservation 
laws constrain the anomalous dimensions, the LO and NLO results exhibit 
terms which are less singular by one power in N and have about the same 
coefficient but with opposite sign, cf. ref.tl. Since such contributions and further 
corrections are not yet known to all orders, it is reasonable to estimate their 
possible impact by corresponding modifications of the resummed anomalous 
dimensions T(N,a s ). Possible examples studied within refs. 6-10 are: 



A : 


T(N,a s ) - 


■+ r(JV, a s )- 


r(l,a s 
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B : 


T(N : a s ) - 


+ r(AT,a s )(l 


-N) 




C : 


T{N,a s ) - 


-r(jv,o.)(i 


- 2N + 


N 2 ) 


D : 
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-*r(jV,a s )(l 


-2iV + 


N 3 ) 



(4) 



where N — > N — 1 for the case of eq. (1). Clearly the presently known re- 
summed terms are only sufficient for understanding the small- a; evolution, if 
the difference of the results obtained by these prescriptions are small. 

2 Resummation of dominant terms for x — > 

2.1 Unpolarized non-singlet structure functions 

The numerical effectsjdue to the resummation of the 0(a s In 2 x) terms (2) have 
been studied in refs.LrH for the structure functions F 2 ep — F£ n and xF^ N (x, Q 2 ) 
over a wide range of x and Q 2 . The resummed terms beyond NLO lead to 
corrections on the level of 1% and below even at extremely small x. if -factors 
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of about 10 as claimed in rcf. Q arc not confirmed. Furthermore less singular 
terms can alter the resummation correction by a factor of about 3. 

2.2 Unpolarized singlet structure functions 

The quantitative impact of the resummation of tha leading small- a; terms in 
the gluonic El and quarkonic anomalous dimensions □ has been studied for the 
sea quark (S) and gluon (g) distributions and the structure function F^ 9 in 
refs.la and ref . E9. The latter analysis confirms_the results of the former one. 
Related investigations were carried out in refs.113. 
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Figure 1: The evolution of the gluon and total sea densities with the resummed kernels Eli as 
compared to the NLO results. Two different prescriptions for implementing the momentum sum 
rule have been applied, cf. eq. (4). For details on initial parton densities etc see ref. EU. 



In Fig. 1 the evolution of initial distribution xS, xg 



-0.2 



at Ql = 4 GeV 2 



is displayed. The effect of the resummation is very large. For the,-quarks 
and hence F2 it is entirely dominated by the quarkonic pieces of rcf. cl. Two 
examples of additional less singular terms are shown. Their vital importance 
is obvious from the fact that the choice of (D) in eq. (4) leads to even an 
overcompensation of the enhancement due to the leading small- a; terms. 

2.3 Polarized non-singlet structure functions 

This case was investigated in refs. 0H numerically for the structure function 
combination g\ — gf n for two different parametrizations of the non-perturbative 
initial distributions. Results on the interference structure function g^ P lZ (x, Q 2 ) 
(cf . ref. El) can be found in ref. 1121. As in the unpolarized case the corrections 
obtained are of the order of 1% with respect to the NLO results in the kinemat- 
ical ranges experimentally accessible in the foreseeable future. Huge if -factors 
of about 10 or larger expected for this case in ref.EJ are not present. Again less 
singular terms in the anomalous dimensions are only marginally suppressed. 
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2.4 Polarized singlet structure functions 

Resummation relations for amplitudes related to_lhe singlet anomalous dimen- 
sions of polarized DIS have recently been given □. Explicit analytical and nu- 
merical results for the evolution kernels beyond NLO have been derived on this 
basis in ref.O, including an all-order symmetry relation among the elements of 
the anomalous dimension matrix and a discussion of the supersymmetric case. 
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Figure 2: The resummed evolution of the polarized gluon and singlet densities as compared to 

the NLO resultsLj. The possible impact of unknown less singular terms is illustrated by_the curves 

(B), cf. eq. (4). The initial distributions at Qq = 4 GeV 2 have been taken from ref.Ej. 

Numerical results for the evolution of g^ p ' en (x, Q 2 ) and the parton densities 
have been given for different input distributions U. Fig. 2 shows an example. 
The situation is rather similar to the unpolarized case: the leading resumma- 
tion effects are very large but unstable against less singular terms as x — > 0. 

2.5 QED non-singlet radiative corrections 

The resummation of the O(aln 2 o;) terms may yield non-negligible contribu- 
tions to QED corrections. This has been shown recently Il2 for the case of 
initial state radiation for DIS at large y. There the effect reaches around 
10% of the differential Born cross section. The corresponding corrections to 
rj(e + e~ — > near the Z peak are also discussed in ref. Ii3. 

3 Conclusions 

The resummations of the leading small- x terms in both unpolarized and po- 
larized, non-singlet and singlet anomalous dimensions have been investigated 
recently. At NLO the results agree with those found for the most singular 
terms as x — * in fixed order calculations. Since the coefficient functions are 
known up to 0{a 2 s ) in the MS scheme, predictions for the most singular terms 
of three-loop anomalous dimensions have been made 2 ' 6-8 . 
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For non-singlet structure functions the corrections due to the a s (a s In 2 x) 1 
contributions are about 1% or smaller in the kincmatical.-rangcs probed so far 
and possibly accessible at HERA including polarization Lra. The non-singlet 
QED corrections in deep-inelastic scattering resumming_the 0(a In 2 x) terms 
can reach values of about 10% at x » 10~ 4 and y > 0.9li3. 

In the singlet case very large corrections are obtained Iol. both unpolarized 
and polarized parton densities and structure functions &B't3. As in the non- 
singlet cases possible less singular terms in higher order anomalous dimensions, 
however, which are in some cases required by conservation laws, are hardly 
suppressed against the presently resummed leading terms in the evolution: 
even a full compensation of the resummation effects cannot be excluded. 

To draw firm conclusions on the small- x evolution of singlet structure 
functions also the next less singular terms have to be calculated. Since contri- 
butions even less singular than these ones may still cause relevant corrections, 
it appears to be indispensable to compare the corresponding results to those 
of future fixed order three-loop calculations. 

Acknowledgements : This work was supported in part by the EC Network 
'Human Capital and Mobility' under contract No. CHRX-CT923-0004 and 
by the German Federal Ministry for Research and Technology (BMBF) under 
contract No. 05 7WZ91P (0). 



References 



1. 

2. 

3. 

4. 

5. 

G. 

7. 

8. 

9. 
10. 
11. 
12. 

13. 
14. 
15. 
1G. 



Y. Balitsky and L. Lipatov, Sov. J. Nucl. Phys. 28 (1978) 822. 
S. Catani and F. Hautmann, Nucl. Phys. B427 (1994) 475. 
R. Kirschner and L. Lipatov, Nucl. Phys. B213 (1983) 122. 

J. Bartels, B. Ermolaev, and M. Ryskin, DESY 96-025. 

For a recent review see: J. Bliimlein, DE SY-95/241, |hep-ph/9512272 
J. Bliimlein and A. Vogt, DESY 96-050, |hep-ph/9606254 
Bliimlein and A. Vogt, Phys. Lett. B370 (1996) 149. 
Bliimlein and A. Vogt, Acta Phys. Polonica B27 (1996) 1309. 
Ellis, F. Hautmann, and B. Webber, Phys. Lett. B348 (1995) 582 



Bliimlein, S. Riemersma, and A. Vogt, DESY 96-131. 

Ermolaev, S. Manayenkov, and M. Ryskin, Z. Physik C69 (1996) 259 

Ball and S. Forte, Phys. Lett. B351 (1995) 313; 

Forshaw, R. Roberts, and R. Thorne, Phys Lett. B356 (19 95) 79. 



Bliimlein and N. Kochelev, DESY 96-040, [hep-ph/9603397 . 
Bartels, B. Ermolaev, and M. Ryskin, Z. Physik C70 (1996) 273. 
Bliimlein, S. Riemersma, and A. Vogt, DESY 96-120. 



M. Gliick et al., Phys. Rev. D53 (1996) 4775. 



5 



